Understanding cement hydration is of crucial importance for the application of cementitious materials, including cemented paste backfill. In this work, the adsorption of a single water molecule on an M3-C 3 S (111) surface is investigated using density functional theory (DFT) calculations. The adsorption energies for 14 starting geometries are calculated and the electronic properties of the reaction are analysed. Two adsorption mechanisms, molecular adsorption and dissociative adsorption, are observed and six adsorption configurations are found. The results indicate that spontaneous dissociative adsorption is energetically favored over molecular adsorption. Electrons are transferred from the surface to the water molecule during adsorption. The density of states (DOS) reveals the bonding mechanisms between water and the surface. This study provides an insight into the adsorption mechanism at an atomic level, and can significantly promote the understanding of cement hydration within such systems.
Introduction
Minerals excavation and extraction, though contribute billions of dollars to the world economy every year, pose a serious threat to the environment due to the mine tailings. It is estimated that about 5 to 7 billion tonnes of mine tailings are produced worldwide each year and the disposal of mine tailings has received increasing scrutiny from government and society [1] . The cemented paste backfill (CPB) technology is a promising method for the safe disposal of mine tailings. Moreover, benefits like reclaiming water, stabilising the rock mass and thus increasing mining safety, and increasing ore recovery rate promote the broad application of CPB worldwide [2] [3] [4] [5] [6] [7] [8] [10] [11] [12] .
CPB is a composite material produced with dewatered mine tailings (70-85% solids by weight), hydraulic binders (3-7% by dry paste weight) and water [13] [14] [15] . For the successful application of CPB, the hydration of cement needs to be investigated. It is estimated that the annual production of ordinary cement exceeds 3 billion tonnes, releasing 5-7% of worldwide CO 2 emissions [16] . The global demand for cement is ever growing due to the expansion of built infrastructure in developing economies [17] . As the most predominant and most reactive component in cement clinker, tricalcium silicate (Ca 3 SiO 5 or C 3 S) has been investigated in both academia and industry with the objective of modifying or controlling its reaction kinetics. The initial hydration of C 3 S involves the adsorption of water on its surface; however, to date, we have little understanding of this process at the atomic level due to the limitations of the experimental methods, such as material purity and instrument accuracy [18] . For this reason, atomic simulations can be a valuable tool to investigate the hydration of C 3 S. Alternative ways might be found to increase the hydration rate and reduce cement consumption with a better understanding of cement hydration process.
Density functional theory (DFT) has been introduced to cement chemistry to investigate the reactivity and hydration mechanism of cement clinkers, including C 3 S [19] [20] [21] [22] [23] [24] [25] . Durgun et al. [19, 20] examined the reactivity of the calcium silicate phases, as well as their synthetic surfaces, using DFT calculations. Saritas et al. [21] assessed the electronic structure modification of the M3 polymorph of C 3 S (M3-C 3 S) caused by Mg, Al, and Fe substitutions. Qi et al. [26] investigated the structural and electronic properties of ferrite phases in cement clinkers, including Ca 2 Fe 2 O 5 , Ca 2 AlFeO 5 , and Ca 2 Al 2 O 5 . Huang et al. [23] analysed the reactivity enhancement of doping using a case study of a triclinic polymorph of C 3 S (T1-C 3 S) and found that long-term hydration is mainly controlled by proton transport. Although the surface properties of C 3 S have been provided in previous studies at the nanometer level, the adsorption mechanism between water and M3-C 3 S surfaces needs to be investigated theoretically.
Recently, a simultaneous investigation of water molecules on C 3 S surfaces has been performed [27] , which confirms the significance of the topic. Though the adsorption energy was calculated for all low-index surfaces in [27] , a thin slab (15 Å) was used. As systematically investigated in [20] , converged surface energies could be obtained with a slab thickness between 25-30 Å. Thus, an enlarged slab model with a thickness of 26.36 Å was built to expect more reliable results. Moreover, the authors in [27] mainly focused on the discussion of M3-C 3 S (100) surface. For example, the density of states (DOS) results were only presented for M3-C 3 S (100) surface. Instead, a detailed discussion, including electronic properties, adsorption configurations and energies, is provided in this paper for M3-C 3 S (111) surface.
In this work, DFT calculations are used to investigate the water adsorption on the M3-C 3 S (111) surface. A total of 14 starting geometries are studied. In each case the corresponding adsorption configuration and energy are calculated. Such DFT calculations can provide an insight into the interaction mechanism between water and C 3 S surfaces, and suggest possible methods for increasing the hydration of C 3 S.
Computational Details
All DFT calculations are performed using the VASP package with the Perdew-Burke-Ernzerhof generalized gradient (GGA-PBE) exchange-correlation functional [28] [29] [30] . The 3p 6 4s 2 , 3s 2 3p 2 , 2s 2 2p 4 , and 1s 1 are treated as valence electrons for Ca, Si, O and H, respectively. The energy cutoff and the energy tolerance are chosen to be 500 eV and 1.0 × 10 −5 eV/atom respectively for all calculations [20, 21] . For bulk calculations, A 4 × 4 × 4 k-mesh is used, and the ionic relaxation is carried out until the maximum residual force is less than 0.01 eV/Å on each atom [21] . In the case of surface calculations, the first Brillouin zone is integrated at the gamma point and the maximum residual force on each atom is set to 0.05 eV/Å. The authors note here the surface relaxation in the current study is performed following the procedure in [20] . For the stopping criterion of ionic relaxation, a 0.01 eV/Å was used in [20] . However, a 0.05 eV/Å is used in this paper to speed up the calculations, as suggested in [31] [32] [33] [34] [35] .
Among different polymorph structures for C 3 S, M3-C 3 S (CM symmetry group) is chosen since it is the most frequently observed in industrial applications [36] . The unit cell of M3-C 3 S has 18 Ca atoms, 6 Si atoms and 30 O atoms, as shown in Figure A1 in Appendix A. The bulk M3-C 3 S shows sixfold coordinated Ca atoms (Ca 6c ), fourfold coordinated Si atoms (Si 4c ), sixfold coordinated O atoms (referred as ionic O atoms, O 6c ) and fourfold coordinated O atoms (referred as covalent O atoms, O 4c ). The experimental unit cell in [36] is used as the initial model for the ionic relaxation. Table 1 shows the comparison between the calculated and experimental lattice parameters of M3-C 3 S, and a good agreement can be seen among current calculations, experimental measurements and previous calculations. The M3-C 3 S (111) surface, which is the most stable M3-C 3 S surface and forms most of its surface area [20] , is cleaved from the relaxed bulk structure. All possible cleavages of the (111) surfaces are compared following the suggestions in [20] . Based on the convergence tests, the M3-C 3 S (111) surface is modelled using a (1 × 1) slab with a 26.36 Å slab thickness and a 15 Å vacuum layer along the nonperiodic direction c. Furthermore, no symmetry constraints are imposed on the slab model due to the complex crystal morphology of M3-C 3 S (i.e., the top and bottom slab surfaces are likely to have different atomic arrangements). All atoms in the slab are allowed to relax as recommended in [10] while lattice parameters are fixed during surface relaxation. Figure 1 illustrates the near-surface structures before and after surface relaxation. As shown, the coordination number of surface Ca and O atoms is decreased because of the surface cleavage (i.e., from Ca 6c to Ca 3-5c ). Furthermore, the bond length is reduced during surface relaxation. For example, the average Ca(1)-O bond length is 2.41 Å and 2.18 Å before and after surface relaxation, respectively. The influence of surface relaxation is mainly near the top two surface layers, within which the SiO 4 tetrahedron is tilted while the Ca and O atoms are slightly shifted. Starting from the relaxed M3-C 3 S (111) surface, a single water molecule is placed nearby the (111) surface. During cement hydration, water molecules typically react with cement surfaces by forming two different bonds, the bonds between O atoms in water (O w ) and surface Ca atoms and the bonds between H atoms and surface O atoms. As the bond length of O w -Ca is approximately twice that of H-O, the surface Ca atoms are often selected as the adsorption sites [37] .
In terms of the initial separation distance between the water molecule and the C 3 S, Huang et al. [23] investigated the energy of the water-C 3 S system when the initial distance was decreased from 7 Å to 2 Å. An initial distance of 4 Å is suggested based on their results. Moreover, several potential adsorption sites (surface Ca atoms) are investigated in this paper. For some adsorption sites, there might be other adjacent Ca atoms that are more 'protruding' (a larger z coordinate) than the investigated one. In such cases, the water molecule might be too close to these 'protruding' Ca atoms if it is placed~2.5 Å above the adsorption site. Therefore, the O w atom is placed~4 Å above the corresponding adsorption sites in this paper for representative results. Both the 'downward' and 'upright' initial water configurations (described in Figure 2 ) are investigated since the initial configuration of water plays an important role in its adsorption behavior [38] . The adsorption (or reaction) energy E ads can be calculated as follows:
where E total is the total energy of the surface/water system after adsorption, E surface is the energy of the relaxed M3-C 3 S (111) surface and E water is the energy of an isolated water molecule in free phases.
In this paper, a higher E ads represents an E ads with a more negative value. According to Equation (1), a higher E ads indicates stronger binding between the water molecule and the M3-C 3 S (111) surface, implying that such an adsorption is more favorable from a thermochemical point of view [37, [39] [40] [41] [42] .
Results and Discussion

Electronic Properties of the M3-C 3 S (111) Surface
In order to investigate the interaction between water molecules and M3-C 3 S atoms at the surfaces, the electronic properties of the M3-C 3 S (111) surface are examined. For chemical reactivity analysis, the band decomposed charge density around the top of the valence band (TVB, −3 eV to 0 eV) and the bottom of the conduction band (BCB, 0 eV to 3 eV), denoted by ρ(r) TVB and ρ(r) BCB respectively, is employed. More detailed information regarding the band decomposed charge density can be obtained in the literature [43, 44] . Figure 3 shows the ρ(r) TVB and ρ(r) BCB of the M3-C 3 S structures. In the unit cell, ρ(r) TVB is localized over O atoms, especially ionic O atoms, whereas ρ(r) BCB is localized over Ca atoms. These results indicate that the ionic O atoms are prone to electrophilic attack while the Ca atoms are prone to nucleophilic attack. However, when bulk M3-C 3 S is cleaved to produce the (111) surface, the spread of ρ(r) TVB and ρ(r) BCB changes accordingly. A stronger ρ(r) TVB localization is observed over surface ionic O atoms. This effect is more pronounced for some surface Ca atoms and such a strong ρ(r) BCB localization will render these surface Ca atoms dominating sites for water adsorption [45] . The influence of surface cleavage on the spread of ρ(r) TVB and ρ(r) BCB over bulk atoms in the slab is negligible compared with surface atoms (see Figure A2 in Appendix A). Bader charge analysis is also used to investigate the atomic charge of both unit cell and surface [46, 47] . For the M3-C 3 S unit cell, the results show that each Ca and Si atom donates 1.535 e -and 3.098 e − on average to the system. Each O atom is found to withdraw 1.541 e − on average from the unit cell. For the M3-C 3 S (111) surface, a Bader charge analysis shows that, on average, each Ca and Si donates 1.533 and 3.104 e − respectively while each O atom withdraws 1.541 e − . To better understand the influence of surface cleavage on the atomic Bader charge, the Bader charges for several surface atoms, as shown in Figure 3c , are compared with the average Bader charges from their corresponding bulk positions. The Bader charges for O(1), O(2), Ca(1), Ca(2), Ca(3) and Ca(4) are −1.438, −1.443, +1.490, +1.554, +1.512, and +1.491, respectively, while the average bulk Bader charges are −1.460, −1.449, +1.534, +1.531, +1.544, and +1.514, respectively. Therefore, most of the surface O/Ca atoms, except Ca(2), withdraw/donate fewer electrons compared with the bulk materials, indicating that they may be more prone to undergo electrophilic/nucleophilic attacks, respectively. Interestingly, the magnitude of the Bader charge variation between surface/bulk Ca atoms is much greater than that between surface/bulk ionic O atoms, which may give rise to a higher reaction activity of surface Ca atoms to ionic O atoms. The surface Bader analysis is also in agreement with the localization of the ρ(r) TVB and ρ(r) BCB around the surface O/Ca atoms.
In addition to investigating the charge distribution in M3-C 3 S unit cell and its (111) surface, we also examine the partial density of states (DOS) of aforementioned surface atoms. As shown in Figure 4 , the whole valence band of surface O atoms can be mainly divided into two sections, including the deeper level between −15 eV and −14 eV originating from the O 2s orbital and the upper level between −3 eV and 0 eV originating from the O 2p orbital. For the valence bands of surface Ca atoms, five sections are observed at −21 eV to −15.5 eV, −15 eV to −14 eV, −6 eV to −5 eV, −4.5 eV to −3 eV and −3 eV to 0 eV. Notably, the density of states (DOS) within the scope of −21 eV to −15.5 eV is not shown as it is far from the Fermi level (EF). Both Ca 3p and 4s orbitals are observed to contribute to the DOS near the EF (−2 eV to 0 eV), indicating that these orbitals can contribute to the reactions with adsorbates. As noted by Zhao et al. [48] , the reaction activity of electrons is positively correlated to the DOS of surface atoms near the EF. Thus, the reaction activity of surface Ca atoms can be ranked in the following order: Ca(1) Ca(4) Ca(3) Ca(2), which agrees well with the charge density analysis and Bader charge analysis. 
Adsorption Configuration of a Water Molecule on the M3-C 3 S (111) Surface
From the discussion about the electronic properties of the M3-C 3 S (111) surface, the dominating adsorption sites for water molecules could be the surface Ca atoms. In this study, the four surface Ca atoms in Figure 3c , namely, Ca(1) to Ca(4), and their corresponding top/bridge sites are selected as potential adsorption sites. A total of 14 starting geometries are considered based on different initial adsorption sites and water configurations, detailed in Table 2 . The adsorption of a water molecule on the M3-C 3 S (111) surface is performed using the same setting as the surface relaxation. During geometry optimization, the water molecule in most 'downward' cases, except case 13, turns around, leading to the same adsorption configurations with their corresponding 'upright' cases. This result suggests that the reaction between the water molecule and surface Ca atoms is superior to the reaction with surface O atoms. Furthermore, several bridge sites are also absorbed into the same configuration as the adjacent top sites. Figure 5 shows the six adsorption configurations (AC) after geometry optimization (the atomic labelling and bond length can be found in Figures A3 and A4 in Appendix A). Table 3 summarizes the adsorption mechanism, the adsorption energy, and the net number of bonds (N) formed during the water adsorption. Notably, a bond is considered to be formed when the distance between two atoms is smaller than the average bond distance between these two kinds of atoms in the literature. As shown in Figure 5 and Table 3 , there are two types of interactions between the water molecule and the M3-C 3 S (111) surface, namely the molecular adsorption and the dissociative adsorption. For molecular adsorption, bonds are formed between the O w atom and surface Ca atoms with bond lengths ranging from 2.27 to 2.79 Å (the Ca-O bond length ranges between 2.29 to 2.60 Å in bulk M3-C 3 S). In some cases, such as case 13, hydrogen bonds are also formed between the H atoms and the surface O (O s ) atoms. For dissociative adsorption, apart from the bond formation between O w /Ca and H/O s , intermolecular OH bonds are broken during the geometry optimization. Experimental data from infrared spectroscopy also revealed that the exposure of calcium-silicate substrate to water molecules led to the dissociation and the formation of OH-species [25] , which corresponds to the dissociative adsorption of water molecules found in this study.
The adsorption energies for all six configurations vary from −0.93 eV to −2.48 eV. As shown, the adsorption energies for dissociative adsorptions, namely, AC3 and AC4, are −2.28 eV and −2.48 eV respectively. These two adsorption energies are much higher than the remaining adsorption energies in Table 3 , indicating that dissociative adsorption is energetically favored compared to molecular adsorption [37] . Among the molecular adsorptions, the highest molecular adsorption energy is −1.81 eV for AC6, which means that the molecular adsorption of water under such configuration is strongest. The adsorption energies for AC2 and AC1 are −1.74 eV and −1.10 eV, respectively. The weakest adsorption of water is observed at AC5 with an adsorption energy of −0.93 eV. As investigated by Zhang et al. [37] , the adsorption energy of a water molecule on a β-dicalcium silicate (100) surface ranges from 0.59 eV to 0.99 eV. Therefore, the adsorption of water molecules on the M3-C 3 S (111) surface is much more favorable in energy compared to the β-dicalcium silicate (100) surface. Moreover, an energy barrier is observed for the water dissociative adsorption on the β-dicalcium silicate (100) surface while the dissociative adsorption of water on the M3-C 3 S (111) surface is spontaneous, implying that the adsorption rate on the might be higher than on the β-dicalcium silicate (100) surface.
Notably, the calculated adsorption energy in this study agreed well with the results in [27] . In [27] , the highest adsorption energy was −2.70 eV and the water molecule was adsorbed onto the M3-C 3 S (111) surface in a dissociative way. In contrast, the smallest adsorption energy was −0.71 eV, which came from a molecular adsorption. The authors also note here that there were a total of 10 adsorption configurations in [27] while only 6 were found in this study. This might be caused by the difference in the initial water distance to the M3-C 3 S (100) surface. A larger initial distance was used in this study (4 Å compared to 2.5 Å in [27] ), which allows the water molecules to rotate during the adsorption.
A further comparison about the adsorption configuration is provided as follows. The adsorption configurations 2, 4, 5, and 7 in [27] correspond to AC3 in this paper. The lowest energy for this type of adsorption was −2.49 eV in [27] , while it is calculated at −2.28 eV in the current study. Adsorption configurations 3 and 8 in [27] correspond to AC4, the lowest energy for this type was −2.70 eV in [27] , in the present study it is −2.48 eV. Configurations 6, 9, 10 correspond to AC1, AC5, and the adsorption energies are about −1 eV. The author note that the adsorption configuration 1 in [27] is not found in this paper. However, it is acceptable as this configuration was not the most favorable one among dissociative adsorptions. Instead, another two new configurations, the AC1 and AC6, are observed in this study and the AC6 is found to be the strongest among molecular adsorptions. The reasons for such discrepancies are mentioned previously, including the difference in initial water structures and slab thickness.
In previous studies regarding water-solids interactions, a central issue is investigating the nature of water adsorption, i.e., molecular adsorption of dissociative adsorption. An isolated water molecule is found to not dissociate on many metal oxide surfaces, such as clean MgO (111) surfaces [49] and rutile TiO 2 (110) surfaces [50] . In this paper, the hydrogen bonds formed between H atoms and O s atoms promote the dissociative adsorption of the water molecule by weakening its intramolecular OH bonds. Such hydrogen bonding also stabilizes the dissociated water molecules on the M3-C 3 S (111) surface, hindering their recombination to the molecular state. Therefore, the active O s atoms are quite important for dissociative water adsorption on the M3-C 3 S (111) surface. The dissociative mechanism found in this paper agrees well with the conclusions in the literature [49, 51] .
Further investigations of the surface structure show that the water adsorption, especially dissociative adsorption, weakens the Ca-O bond. We use AC1 and AC4 as an example and the bond strength is represented by the corresponding bond lengths [52] . For AC1, the average bond lengths for Ca(1)-O before and after molecular adsorption are 2.18 Å and 2.21 Å, respectively, indicating that the Ca(1)-O bond is weakened. In the case of AC4, the average bond lengths for Ca(1)-O and Ca(4)-O are 2.18 Å and 2.34 Å, respectively, which are increased to 2.29 Å and 2.41 Å after dissociative adsorption. These results suggest that the water adsorption, especially dissociative adsorption, can promote the solid dissolution of the M3-C 3 S (111) surface.
It is also interesting to investigate the relationship between the adsorption energy and N. As shown in Table 3 , the molecular adsorption energy has a strong positive correlation with N. Since both dissociative adsorptions, AC3 and AC4, have an N of two, further studies are needed to analyze the correlation between the dissociative adsorption energy and N. Additionally, the analysis of the adsorption energy using N is only applicable with similar adsorption mechanisms. Therefore, the N from dissociative adsorptions cannot be compared with the N from molecular adsorptions because, for example, dissociative adsorption involves the breakage of H-O bonds.
Electronic Properties of Reactions between a Water Molecule and the M3-C 3 S (111) Surface
As discussed before, the adsorption of a water molecule on the M3-C 3 S (111) surface exhibits different configurations depending on the adsorption mechanisms involved. In this section, we present a more detailed analysis of the hydration reactions. AC4 and AC6 are selected to represent dissociative and molecular adsorption, respectively. Atomic labelling and freshly formed bonds during adsorption are illustrated in Figure 6 . Electronic property analysis for the other adsorption configurations can be as easily performed and will reveal similar conclusions as those from AC4 and AC6.
Bader Charge Analysis
A Bader charge analysis is used to investigate the charge distribution and transfer of bonding atoms before and after water adsorption. In this study, the charge transfer is calculated as the charge difference before and after adsorption for a particular atom. Thus, a +/− charge transfer represents a loss/gain of electrons during the adsorption, respectively [53] . The Bader charges of the reacting atoms from AC4 and AC6 are shown in Tables 4 and 5 , respectively. As shown, the electrons are transferred between bonding atoms during the adsorption of water molecules on the M3-C 3 S (111) surface. Generally, electrons are transferred from the M3-C 3 S (111) surface to the water molecule. For the bonding between surface Ca atoms with O w atoms, surface Ca atoms tend to lose electrons, while O w atoms tend to gain electrons during adsorption. Taking the O w -Ca(1) bond from AC4 as an example, the Bader charge of the O w changes from −1.184 to −1.349 eV, indicating the O w gains 0.165 electrons. In contrast, the Ca(1) atom loses 0.074 eV, increasing its Bader charge from +1.490 to +1.542 eV. In the case of the bonding between the H and surface O atoms, the surface O atoms lose electrons while the H atoms gain electrons, except H(1) from AC6. The results regarding the electron transfer agreed well with the results in [27] , which provided detailed discussion about the electron transfer during the water adsorption on the M3-C 3 S (100) surface.
Density of States Analysis
Thus far, we have presented the Bader charge results before and after water adsorption. Next, we turn our attention to the DOS of atoms participating in the creation of freshly formed bonds. In this study, the freshly formed bonds represent those bonds that have not been observed in both the slab surface and the water molecule. Although some bonds have undergone evident changes during adsorption, such as the O w -H(1) bond from AC4, they are not investigated in the DOS analysis for clarity purposes. (2) bond. In the DOS curve of O w -Ca(1), the O w 2p orbital from the water molecule overlaps with the Ca(1) 4s and 3p orbitals from the M3-C 3 S (111) surface near the E f (−2.0 eV to 0 eV). Additionally, a more considerable overlapping is observed at approximately −6 eV, which involves all s and p orbitals from the O w atom and Ca (1) . These results show that the O w atom can be bonded to the Ca(1) atom. Although the other atomic orbitals also contribute to the DOS, they are either not-overlapped or overlapped but far from the E f (i.e., the overlapping between O w 2s and Ca(1) 3p near −17.5 eV). Therefore, these orbitals have a negligible influence on the interaction between the water molecule and the M3-C 3 S (111) surface. The overall DOS distribution of O w -Ca (5) is similar to that of O w -Ca(1). However, there is no extensive overlapping at approximately −6 eV, implying that the O w -Ca (5) 
Limitations and Future Works
Though this study contributes to the knowledge of the adsorption of a single water molecule on M3-C 3 S (111) surfaces, challenges still remain. Firstly, only the most reactive surface of M3-C 3 S, the (111) surface, was investigated and there were other representative surfaces available in the literature, such as the (100) surface. Secondly, the current study focused on the adsorption of a single water molecule and the adsorption configuration with different water coverage was not investigated. The authors note that the adsorption of a single water molecule is always a good starting point, which has been widely used in the literature [27, 37, 54] . Finally, the influence of surface defects, such as vacancy and impurity, on water adsorption was not investigated.
Future works will be performed to fill the gap about the above-mentioned limitations. More representative surfaces of the M3-C 3 S will be investigated and the results will be compared with the results from the literature [27] . Moreover, we will take a step further to investigate the influence of water coverage and surface defects on the water adsorption on M3-C 3 S surfaces.
Conclusions
The current study employs DFT calculations to investigate the interaction between a water molecule and the M3-C 3 S (111) surface. Such an atomic level study improves the understanding of cement hydration, which can work as a benchmark for further studies. The electronic properties of the M3-C 3 S (111) surface are determined and the adsorption energies for 14 cases with different starting geometries are calculated. The results show that the surface ionic O atoms and surface Ca atoms are the active sites for water adsorption. Interestingly, the charge density, Bader charge and DOS results reveal that surface Ca atoms are even more active for water adsorption. Water molecules can be readily adsorbed on the M3-C 3 S (111) surface with six adsorption configurations. The adsorption energies range from −0.93 to −2.48 eV and it is found that dissociative adsorption is energetically favored compared to molecular adsorption. Also, water adsorption, especially the dissociative adsorption, promoted the cement dissolution in water as such adsorptions weakened the Ca-O bond. The adsorption of a water molecule on the M3-C 3 S (111) surface involves electron transfer from the surface to the water molecule through the bonding atoms. The bonding between O w and surface Ca atoms is derived from the O w 2p orbital and the Ca 4s and 3p orbitals while the bonding between H atoms and surface O atoms mainly involves the O 2p and H 1s orbitals. 
